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(54) An electroplating machine 

(57) An electroplating machine is disclosed as 
including an electrode positioning apparatus, an elec- 
trolyte delivery apparatus, an apparatus for covering a 
roller, an apparatus for dissolving copper oxide powder 
in an electrolyte passing through the apparatus, and an 
apparatus allowing the variation of the distance 
between two rollers. The electrode positioning appara- 
tus has a first open end and a second end joined by two 
sets of connecting members, in which the connecting 
members in each set are parallel to one another and 
equally spaced from the adjacent member The electro- 
lyte delivery apparatus includes a pipe connected to a 
source of electrolyte and a nozzle through which the 
electrolyte is deliverable to an electrode mounted on the 
electrode positioning apparatus. The nozzle includes an 
elongate gap and the electrolyte exits the nozzle contin- 
uously along the entire length of the elongate gap. The 
electrode positioning and the electrolyte delivery appa- 
ratus are slidably engageable with each other. The cov- 
ering apparatus is elongate in shape and includes a 
cavity for accommodating a majority part of the outside 
surface of a roller. The apparatus for dissolving copper 
oxide powder in an electrolyte includes an upper cham- 
ber and a lower chamber, in which electrolyte low in 
copper ion concentration enters the upper chamber 



though its lower part, and exits the upper chamber 
through its upper part. A vortex is formed in a porous 
pot in the upper chamber to facilitate dissolution of cop- 
per oxide powder in the electrolyte. As to the apparatus 
allowing the variation of the distance between an upper 
roller and a lower roller, such includes a primary part 
attachable to a wall of the electroplating machine, and a 
second part movable relative to the primary part. In 
response to entry of a PCB into the area between the 
two rollers, the upper roller is caused to move vertically 
upward, which also causes the secondary part to move 
vertically upward. 
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Description 

[0001] This invention relates to an electroplating 
machine, in particular such a machine for electroplating 
such substrates as printed circuit boards (PCBs). 
[0002] In conventional electroplating machines, the 
substrates to be plated, e.g. PCBs, are usually posi- 
tioned vertically, i.e. with their major surfaces facing 
sideward. The substrates are clamped either at their 
respective upper edge or lower edge, and lowered into 
a tank for treatment, or raised therefrom after such 
treatment. As a complete electroplating process 
includes a number of steps, including e.g. rinsing, elec- 
troplating, washing, etc., the substrates have to be 
transported from tank to tank. "Horizontal electroplating 
machines" have therefore been proposed, in which the 
substrates are positioned horizontally, i.e. with their 
major surfaces facing upward and downward. The sub- 
strates are caused to move relative to the machine from 
tank to tank along a substantially horizontal path to 
undergo the whole electroplating process. 
[0003] It is an object of the present invention to pro- 
vide a new horizontal electroplating machine, or at least 
to provide a useful alternative to the trade. Various other 
objects of the invention will be apparent from the follow- 
ing discussion. 

[0004] According to a first aspect of the present inven- 
tion, there is provided an apparatus for positioning an 
electrode for electroplating at least one substrate which 
moves relative to said apparatus, which apparatus com- 
prising a first end and a second end wherein said first 
end is positi enable nearer than said second end to the 
path of movement of said substrate relative to said 
apparatus, wherein said first end comprises a first side 
which is upstream of the movement of said substrate 
relative to said apparatus, characterized in that said first 
side curves towards said second end. 
[0005] According to a second aspect of the present 
invention, there is provided an apparatus for positioning 
an electrode for electroplating at least one substrate 
which moves relative to said apparatus, comprising an 
end positionabie near or adjacent to the path of move- 
ment of said substrate relative to said apparatus, said 
end including a first side which is upstream of, and a 
second side which is downstream of, the movement of 
said substrate relative to said apparatus, characterized 
in that said apparatus comprises at least a first member 
and at least a second member connecting said first and 
second sides and that said two connecting members 
are non-parallel to each other. 
[0006] According to a third aspect of the present 
invention, there is provided an apparatus for positioning 
an electrode for electroplating at least one substrate 
which moves relative to said apparatus, comprising an 
end positionabie near or adjacent to the path of move- 
ment of said substrate relative to said apparatus, said 
end including a first side which is upstream of, and a 
second side which is downstream of, the movement of 



said substrate relative to said apparatus, characterized 
in that said apparatus comprises at least a first set of 
plurality of electrically insulating members connecting 
said first and second sides which are substantially par- 

5 aliel to each other, and that all lines perpendicular to 
and joining said first and second sides, excluding any 
part overlapping with one or more of said connecting 
members, are of substantially the same length. 
[0007] According to a fourth aspect of the present 

10 invention, there is provided a fluid delivery apparatus 
comprising a pipe member and a nozzle member, 
wherein said pipe member comprises an inlet for receiv- 
ing fluid into said apparatus from an external source, 
and a plurality of holes allowing passing of said fluid into 

is chamber means of said nozzle member, characterized 
in that said nozzle member comprises a substantially 
continuous elongated outlet which is in a fluid-communi- 
cable relationship with said chamber means, and 
through which outlet said fluid is deliverable out of said 

20 apparatus. 

[0008] According to a fifth aspect of the present inven- 
tion, there is provided an apparatus for covering a cylin- 
drical object, which apparatus extending over at least 
substantially the whole length of said object, and includ- 
es ing wall means for shielding at least part of the curved 
outer surface of said object, and a cavity for receiving at 
least part of said object, characterized in that said cavity 
is of a depth at least substantially the same as the diam- 
eter of said object for accommodating a majority part of 

30 said object, whereby said wall means shields a majority 
part of the curved outer surface of said object. 
[0009] According to a sixth aspect of the present 
invention, there is provided an apparatus for mixing at 
least one solid chemical with a solution passing there- 

35 through, which apparatus comprising a container with 
outer wall means, an input end for receiving a solution 
from an external source into said container, an output 
end for allowing said solution in said container to depart 
from said apparatus, and an opening for receiving said 

40 chemical into said container, characterized in that said 
container comprises inner porous wall means defining a 
cavity to which said solid chemical is receivable, and 
dividing means positioned between said outer wall 
means and said inner porous wall means. 

45 [0010] According to a seventh aspect of the present 
invention, there is provided an apparatus for mixing at 
least one solid chemical with a solution passing there- 
through, which apparatus comprising a container with 
outer wall means and a longitudinal axis, an input end 

so for receiving said solution from an external source into 
said container, an output end for allowing said solution 
to exit said apparatus, and an opening for receiving said 
chemical into said container, characterized in that said 
container comprises inner porous wall means defining a 

55 cavity to which said solid chemical is receivable, and 
that there are provided on said porous wall means at 
least a first aperture means and a second aperture 
means wherein each of said aperture means comprises 
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at least one aperture, wherein the orientation between 
the longitudinal axis of the aperture of said first aperture 
means and a plane containing said respective aperture 
and said longitudinal axis of said container is different 
from the orientation between the longitudinal axis of the 5 
respective aperture of said second aperture means and 
a plane containing said respective aperture and said 
longitudinal axis of said container. 
[001 1 ] According to an eighth aspect of the present 
invention, there is provided an apparatus for allowing 10 
the variation of the distance between a first roller and a 
second roller, wherein each of said first and second roll- 
ers comprises an axie about which each respective 
roller is rotatable, said apparatus comprising a first body 
member having a first aperture for receiving at least one 15 
end of the axie of said first roller and thereby to allow 
said axle of said first roller to rotate therein, and a sec- 
ond body member comprising a second aperture for 
receiving at least one end of the axle of said second 
roller and thereby to allow said axle of said second roller 20 
to rotate therein, characterized in that said first roller is 
translationally movable relative to said second body 
member in response to entry of an article between said 
first and second rollers. 

[0012] According to a ninth aspect of the present 25 
invention, there is provided an electroplating machine 
comprising one or more apparatus according to one or 
more of the above aspects of the present invention. 
[0013] An embodiment of the present invention will 
now be described with reference to the accompanying 30 
drawings, in which: 

Fig. 1 is a schematic side view of an electroplating 
machine according to the present invention; 

35 

Fig. 2A is a bottom view of an electrode positioning 
apparatus according to the present invention; 

Fig. 2B is an end view of the apparatus shown in 
Fig. 2A; 40 

Fig. 2C is a bottom perspective view of the appara- 
tus shown in Fig. 2A; 

Fig. 3A is a partial sectional side view of a fluid 45 
delivery apparatus according to the present inven- 
tion; 

Fig. 3B is a sectional end view of the apparatus 
shown in Fig. 3A; so 

Fig. 3C is a top view of the apparatus shown in Fig. 
3A; 

Fig. 3D is an end view of a nozzle of the fluid deliv- 55 
ery apparatus shown in Fig. 3A; 

Fig. 3E is a bottom perspective view of the nozzle of 



the fluid delivery apparatus shown in Fig. 3D; 

Fig. 4A is a partial perspective view showing the 
coupling of the electrode positioning apparatus 
shown in Fig. 2A and the fluid delivery apparatus 
shown in Fig. 3A; 

Fig. 4B is a partial sectional end view showing the 
coupling of the electrode positioning apparatus and 
the fluid delivery apparatus as shown in Fig. 4A; 

Fig. 5A is a partial perspective view showing an 
apparatus for covering a cylindrical object, accord- 
ing to the present invention; 

Fig. 5B is an exploded view of the arrangement 
shown in Fig. 5A; 

Fig. 5C is a sectional end view of a farther arrange- 
ment of the covering apparatus as shown in Fig. 5A; 

Fig. 6A is a sectional view of a mixing apparatus 
according to the present invention; 

Fig. 6B is a perspective of the apparatus shown in 
Fig. 6A; 

Fig. 6C is a top view of a porous pot used in the 
apparatus shown in Fig. 6A; 

Fig. 6D is a side view of the porous pot shown in 
Fig. 6C; 

Fig. 6E is a sectional view of the top part of the 
apparatus shown in Fig. 6A during mixing opera- 
tion; 

Fig. 6F shows the operation of the upper part of the 
porous pot shown in Fig. 6C; 

Fig. 6G shows the operation of the lower part of the 
porous pot shown in Fig. 6C; 

Fig. 7A shows the front view of an apparatus for 
allowing the variation of the distance between two 
rollers; 

Fig. 7B shows the side view of the apparatus shown 
in Fig. 7A; 

Fig. 7C shows a partial exploded view of the appa- 
ratus shown in Fig. 7A as engaged with a wall of 
another article; and 

Fig. 7D shows the apparatus shown in Fig. 7A as 
used with two rollers. 

[0014] As shown in Fig. 1, a sectional side view of a 



35 



3 



5 



EP 0 959 153 A2 



6 



portion of an electroplating machine according to the 
present invention, generally designated as 10, is shown. 
It should be understood that this figure only illustrates 
schematically the arrangement of the machine 10 
according to the present invention. Some other compo- 5 
nent parts are therefore not shown, for clarity purposes. 
While the part of the portion of the machine 10 to the 
right of the broken line l-l is a tank 12 for containing a 
liquid, e.g. electrolyte, the part of the portion of the 
machine 1 0 to the left of the broken line l-l is outside the 
tank 12. 

[001 5] A printed circuit board (PCB) 1 4 (which acts as 
the cathode in the electroplating process) is shown as 
disposed horizontally and movable relative to the 
machine 10 in the direction shown by the arrow A. The 
machine 10 is shown as including a number of fluid 
delivery apparatus 16, some of which being coupled to 
an electrode positioning apparatus 18, a number of 
upper rollers 20A and lower rollers 20B, in which one 
upper roller 20A and one lower roller 20B are covered 
by a pair of covering apparatus 22, and a number of 
apparatus 24 each allowing the variation of the distance 
between a respective pair of rollers 20A and 20B. 
[0016] Figs. 2A to 2C show an electrode positioning 
apparatus 18 according to the present invention, to 
which an electrode, e.g. anode, may be mounted in a 
manner to be discussed below. The positioning appara- 
tus 1 8 is of a roughly trapezoidal shape in cross section, 
including two side walls 30 and a bottom side having a 
number of ribs 32 of equal width joining the two side 
walls 30. The side walls 30 and the ribs 32 are formed 
integrally with each other, and made of, e.g. high capac- 
ity polypropylene, an electrically insulating material. 
[0017] The PCB 14 is shown in Fig. 2B as approach- 
ing the positioning apparatus 18 in the direction of the 
arrow B. As the PCB 14 may be very thin, and the liquid 
in the tank 12 may be moving at a very high speed, the 
leading edge 34 of the PCB 14 may flap vigorously, and 
may thus be jammed by the positioning apparatus 18. 
Both the upstream end 36 and the downstream end 38 
of the bottom side of the positioning apparatus 1 8 there- 
fore curve toward the opposite open side 40 of the posi- 
tioning apparatus 18. Such an arrangement significantly 
reduces the chance of the leading edge 34 of the PCB 
14 being jammed by the positioning apparatus 18. 
[0018] The side walls 30 are provided with two oppo- 
site stepped portions 42A and two opposite slots 42B. 
All these stepped portions 42A and slots 42B are paral- 
lel to each other, and each for receiving a lateral end of 
an anode plate in a manner to be discussed below. 
Such an arrangement allows the anode plate to be 
engaged with the positioning apparatus 1 8 and position- 
able at different distances from its bottom side. The 
open side 40 of the positioning apparatus 18 is 
designed for engagement with a fluid delivery apparatus 
in a manner to be discussed below. 
[001 9] It can be seen clearly in Fig. 2 A that the ribs 32 
are arranged into two sets, in which all the ribs 32 in the 



same set are parallel to and equally spaced from each 
other. It can also be seen that the two sets of ribs 32 
subtend an equal angle on opposite sides of a central 
axis I l-l I perpendicular to and joining parallel edges 44 
and 46 of the bottom side of the positioning apparatus 
18. 

[0020] The positioning apparatus 18 is so arranged 
that the edge 44 is first encounterable by the leading 
edge 34 of the PCB 14 when the PCB 14 approaches 
the positioning apparatus 1 8 in the direction of the arrow 
C. As shown clearly in Fig. 2A, the two sets of ribs 32 
slant away from the axis IN I in opposite directions, from 
the upstream edge 44 to the downstream edge 46 of the 
positioning apparatus 18. As mentioned earlier, the 
leading edge 34 of the PCB 14 may flap vigorously, and 
may thus be jammed by the positioning apparatus 18. 
The present arrangement ensures that even if the lead- 
ing edge 34 of the PCB 14 so flaps, the two leading cor- 
ners 48 will not be caught by the ribs 32, and thus 
jammed with the positioning apparatus 18. 
[0021 ] Another feature relating to the arrangement of 
the ribs 32 is that all the lines joining the edges 44 and 
46 and perpendicular thereto are blocked by the rib(s) 
32 by an identical length. This means that the length of 
the lines not blocked by the rib(s) 32 are the same. This 
result is achieved by the way in which the ribs 32 are 
spaced from each other. Take ribs 32A and 32B as an 
example, it can be seen that the line Ill-Ill joining the 
mid-point of where the rib 32A joins the edge 46, and 
the mid-point of where the fib 32B joins the edge 44, is 
perpendicular to both the edges 44 and 46. The same 
arrangement applies to all other pairs of ribs 32. The 
purpose of such an arrangement is that provided the 
PCB 14 passes over or under the positioning apparatus 
18 at a relatively constant speed, then, irrespective of 
the actual speed at which the PCB 14 travels, each 
point on the surface(s) of the PCB 14 will be exposed to 
the anode plate mounted in the positioning apparatus 
18 for the same duration of time during the electroplat- 
ing process. This will ensure that there will be no unde- 
sired uneven electroplating of the PCB 14. 
[0022] Figs. 3A to 3E show various views of the fluid 
delivery apparatus 16 shown in Fig. 1 . The fluid delivery 
apparatus 16 includes two main components, namely 
an elongate pipe 50 and an elongate nozzle 52, which is 
of a generally Y-shaped cross-section, engaged with 
each other, either detachably or fixedly. The pipe 50 has 
a circular outer wall 54, provided with a number of holes 
56 (of which only two are shown in Fig. 3A) opening to a 
cavity 58 formed between two halves 60 of the nozzle 
52. As shown in Fig. 3C, the holes 56 are arranged 
along a straight line on the outer wall 54 of the pipe 50. 
The nozzle 52 includes an elongate and substantially 
continuous gap 62, interrupted by a number of thin par- 
titions 64, of which two are shown in Fig. 3A. The parti- 
tions 64 are for joining the two halves 60 together and 
giving support to the nozzle 52. The partitions 64 also 
divide the cavity 58 of the nozzle 52 into a number of 
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chambers. 

[0023] During operation, fluid, e.g. an electrolyte for 
the electroplating process, may enter into the pipe 50 in 
the direction shown by the arrow D in Fig. 3A. Because 
of a closed end 66 of the pipe 50, the fluid is forced to s 
pass through the holes 56 into the cavity 58 of the noz- 
zle 58. Despite the existence of the partitions 64, the 
fluid exits the gap 62 continuously along the whole 
length of the gap 62. 

[0024] Figs. 4A and 4B show the coupling of the fluid 
delivery apparatus 16 and the anode positioning appa- 
ratus 18. It can be seen that the fluid delivery apparatus 
16 and the anode positioning apparatus 18 are slidably 
fitted to each other. In particular, the gap 62 of the noz- 
zle 52 faces, and can thus direct a fluid towards, a 
porous metal plate 68, which may be made of titanium 
and acts as an anode in the electroplating process. 
[0025] While in Figs. 4A and 4B, the anode plate 68 is 
positioned very near to the ribs 32, the anode plate 68 
can also be positioned farther away from the ribs 32 by 
being disposed between the slots 42B. 
[0026] It is found in practice that the region adjacent 
to the anode plate 68 requires a higher rate of replenish- 
ment of electrolyte, and spent electrolyte should also be 
forced away from this region. The present arrangement 
between the fluid delivery apparatus 16 and the anode 
positioning apparatus 18 ensures that while fresh elec- 
trolyte can be delivered closely to the anode plate 68, 
spent electrolyte around this region can also be washed 
away by the jet of fresh electrolyte from the gap 62 of 
the nozzle 52. 

[0027] Returning to Fig. 1 , it can be seen that the PCB 
14 can pass through a plurality of pairs of oppositely- 
facing anode positioning apparatus 18, in which the 
anode plates 68 are positioned close to the path of 
movement of the PCB 14. The present arrangement 
provides the following advantages:- 

(a) while the anode plates 68 can be positioned 
close to the path of movement of the PCB 14, there 
will be no direct contact between the anode plates 
and the PCB 14, which would result in undesired 
shorting of the circuit; 

(b) the anode plates 68 can be positioned at differ- 
ent distances from the path of movement of the 
PCB 14, and the distance between the anode 
plates 68 and the PCB 14 can thus be varied; and 

(c) easy engagement and disengagement between 
the fluid delivery apparatus 1 6 and the anode posi- 
tioning apparatus 18. 

[0028] Figs. 5A to 5C show the use of the covering 
apparatus 22 in the area outside of the tank 1 2. As men- 
tioned earlier, the liquid in the tank 12 may, during oper- 
ation of the machine 10, be moving at a very high 
speed. Traces of such liquid may therefore flood or 
spray out from the tank 12 and land on a metal roller 
20A, thus establishing electrical connection, and caus- 



ing the metal roller 20A to be electroplated undesirably. 
The covering apparatus 22 is therefore designed to pro- 
tect the metal roller 20A from being so electroplated. 
[0029] Electricity is supplied from an external source 
(not shown) to the metal roller 20A via wires 72 and a 
rotating current transfer device 74, which also permits 
the roller 20A to rotate in the direction of the arrow E 
shown in Fig 5A. A separate rotating current transfer 
device at the opposite end of the roller 20A also causes 
the roller 20A to rotate in the same direction. The rota- 
tional movement of the roller 20A causes the PCB 14 to 
move in the direction of the arrow F in Fig. 5A. The elec- 
tricity supplied from the external source is also transmit- 
ted to the PCB 14, thus allowing it to act as the cathode 
in the electroplating process. The covering apparatus 
22 is elongate in shape and is made of, e.g. poly- 
vinylchloride, an electrically insulating plastic material. 
[0030] As shown in Fig. 5C, in addition to the roller 
20A, a metal roller 20B is provided beneath the path of 
movement of the PCB 14, each of the rollers 20A and 
20B being protected by a covering apparatus 22. The 
covering apparatus 22 has two outer walls 75 (part of 
which being curved in cross-section along the whole 
length of the covering apparatus 22) and a cavity 76 of 
a depth roughly the same as the diameter of rollers 20A 
and 20B, so that the walls 75 can shield a majority part 
of the outer surface of the rollers 20A and 20B. In the 
arrangement shown in Fig. 5C, the roller 20A rotates in 
the direction shown by the arrow G, while the roller 20B 
rotates in the direction shown by the arrow H, in order to 
move the PCB 14 in the direction shown by the arrow J. 
it can also be seen that each of the covering apparatus 
22 includes two leg portions 78, each being thicker than 
the thickness of the walls 75. The covering apparatus 22 
positioned below the PCB 14 also includes a hole 80 
allowing any stray liquid entering the cavity 76 to be 
drained out of the covering apparatus 22. 
[0031] As discussed earlier, the tank 12 of the 
machine 10 contains electrolyte for use in and during 
the electroplating process. The concentration of, e.g. 
copper ions, in the electrolyte will decrease during the 
process, and ways have been devised to direct used 
electrolyte (i.e. electrolyte of a low copper ion concen- 
tration) away from the tank 12, to increase the concen- 
tration of copper ions of such electrolyte, and to pass 
such replenished electrolyte back into the tank 12. Fig. 
6A is a cross-section, and Fig. 6B is a perspective view, 
of a mixing apparatus 82 used in the electroplating 
machine 10, for replenishing used electrolyte. The mix- 
ing apparatus 82 has an upper chamber 84 and a lower 
chamber 86. Electrolyte of a low copper ion concentra- 
tion is pumped via outlets 88 of an input pipe 90 into the 
lower part of the upper chamber 84. Chemical in solid 
form, e.g. copper oxide powder, is poured into the upper 
chamber 84 through a top mouth 92, to be dissolved in 
the electrolyte. Electrolyte containing a higher concen- 
tration of copper ions leaves the upper chamber 84 via 
an output pipe 94 leading from the upper pari of the 
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upper chamber 84, enters into the lower chamber 86, 
and is led, e.g. pumped, away through a duct 96. 
[0032] Contained within the upper chamber 84 is a 
porous pot 98 made of a chemical -resistant material, 
e.g. poly-vinylchloride. The structure and function of the s 
pot 98 will be discussed below. Positioned between the 
upper part and lower part of the upper chamber 84, and 
between a circular wall 100 of the upper chamber 84 
and a wall 102 of the porous pot 98, is an annular ring 
104. 10 
[0033] As shown in Figs. 6C and 6D, the porous pot 
98 has a closed bottom and contains thirty-two rows of 
holes 106 on its wall 102. The top ten rows of holes 106 
are so oriented that they face directly towards the cen- 
tral longitudinal axis 1 08 of the porous pot 98. As to the 15 
lower twenty-two rows of holes 106, they are oblique to 
the central longitudinal axis 108 of the porous pot 98 by 
45°. The annular ring 104 is situated between the top 
tenth and eleventh rows of holes 106, i.e. between the 
two types of holes 1 06. Fig. 6F shows in more detail the 20 
orientations of holes 106 in the top ten rows on the wall 
102 of the porous pot 98. The arrows show the direc- 
tions in which replenished electrolyte leaves the inner 
cavity of the porous pot 98, and away from upper cham- 
ber 84 through the output pipe 94. It can be seen that 25 
the holes 106 in the top ten rows are so oriented that 
they face directly towards the central longitudinal axis 
108 of the porous pot 98. Put another way, it can be 
seen that for the top ten rows of holes 106, the respec- 
tive longitudinal axis of the holes 106 lies on the plane 30 
containing the central longitudinal axis 108 of the pot 98 
and the respective hole 106, whereas for the lower 
twenty-two rows of holes 106, the respective longitudi- 
nal axis thereof is oblique to, and thus intersects, a 
plane containing the central longitudinal axis 1 08 of the 35 
pot 98 and the respective hole 106, at 45°. 
[0034] As shown in Fig. 6G, the electrolyte low in cop- 
per ion concentration enters the upper chamber 84 in a 
high-speed jet through holes 88 (of which only one is 
shown here) of the input pipe 90. It can be seen tat the 40 
electrolyte is introduced into the upper chamber at right 
angle to a plane containing the longitudinal axis 108 of 
the porous pot 98 and the vertical part of the input pipe 
90. It can be seen that by way of such an arrangement, 
the electrolyte will circulate in the upper chamber 84, 45 
thus causing a vortex, as shown in Figs. 6A, 6B and 6E. 
The existence of such a vortex will ensure that the solid 
chemical, i.e. copper oxide powder in the present exam- 
pie, will stay in the vortex until totally dissolved in the 
electrolyte. This will enhance the dissolution of the cop- so 
per oxide powder in the electrolyte, and ensure that no 
undissolved copper oxide powder can leave the upper 
chamber 84. 

[0035] The formation of such a vortex is enhanced by 
the following additional factors:- 55 

(A) since the bottom twenty-two rows of holes 106 
are oblique to the central longitudinal axis 108 of 



the porous pot 98 by 45°. the electrolyte can only 
enter into the inner cavity of the porous pot 98 at 
such an angle; and 

(B) the annular ring 104 also enhances the forma- 
tion and maintenance of such a vortex. 

[0036] It should also be noted that the concentration 
of chemical in the electrolyte leaving the upper chamber 
84 can be adjusted by varying the feed rate of the solid 
chemical into the upper chamber 84. 
[0037] It is commonly known that substrates, e.g. 
PCBs 14, to be electroplated may be of various thick- 
ness. Electroplating machines should therefore be suffi- 
ciently versatile to accommodate substrates of a 
reasonable range of thickness. Figs. 7A to 7D show an 
apparatus 24 allowing the variation of the distance 
between two oppositely facing rollers, in response to the 
thickness of substrates to be moved therebetween. 
[0038] The apparatus 24 is made up of a primary part 
1 10 and a secondary part 1 12. The primary part 1 10 is 
substantially elongate in shape, with a cylindrical hole 
114 at one end, and an elongate opening 116 at the 
other end. As to the secondary part 112, such includes 
a main body 118 and a tongue portion 120, integrally 
formed with each other. There is also provided a hole 
122 on the tongue portion 120. The main body 118 of 
the secondary part 1 12 is receivable within the opening 
1 16 of the primary part 1 10, so as to allow the second- 
ary part 112 to slide relative to the primary part 110. 
The tongue portion 1 20 is wider than and extends below 
the elongate opening 1 1 6 (see Fig 7D), so that when the 
primary part 110 and the secondary part 112 are 
engaged with each other, the tongue portion 120 can 
cover the elongate opening 1 16. As can be seen in Fig. 
7C, the primary part 110 may be fixedly secured to a 
wall 124 of a machine, e.g. the electroplating machine 
10. 

[0039] In use, and as shown in Fig. 7D, an axle 126 of 
a lower roller 1 28 is received through the hole 1 1 4 of the 
primary part 110, and extends through the wall 124 of 
the machine 10. The axle 126 and the hole 114 of the 
primary part 1 10 are sized such that when the axle 126 
is received within the hole 114, the contact area is 
water-tight, so that the electrolyte cannot escape from 
the machine 10. It should also be understood that only 
one side of the relevant part of the machine 1 0 is shown 
here, and that there is a similar arrangement on the 
opposite side of the relevant part of the machine 10. 
The lower roller 128 can therefore rotate about its axle 
126. Similarly, an axle 130 of an upper roller 132 is 
received through the hole 122 on the tongue portion 
120 and the elongate opening 116 of the primary part 
110. The upper roller 132 can therefore also rotate 
about its axle 130, and their contact area is also water- 
tight. It should be noted that the two axles 126 and 130 
are parallel to each other, and lie on a common vertical 
plane. The arrangement that the axles 126 and 130 
extend through the wall 124 of the machine 10 may be 
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required when the rollers 1 28 and 1 32 need to be driven 
by, e.g. a motor, external to the tank 12, or to be in elec- 
trical contact with an external source of electricity. 
[0040] When there is no article between the rollers 
1 28 and 1 32, the upper roller 1 32 is at its lowest position 
and contacts the lower roller 128. When, however, a 
PCB 14 moves between the rollers 128 and 132, it 
forces the upper roller 132 to move vertically upward in 
order to allow the PCB 14 to pass through. The second- 
ary part 112 will consequently move vertically upward 
relative to the primary part, in response to upward 
movement of the upper roller 132. This allows the upper 
roller 132 to continue rotation about its axle 130. When 
the PCB 14 leaves the space between the rollers 128 
and 132, the upper roller 132 will fall back to its original 
lowest position. 

[0041 ] By way of such an arrangement, substrates of 
different thickness can be processed by the same 
machine 10, without having to change any of its compo- 
nents. It can also be seen that despite the upward 
movement of the upper roller 132, the tongue 120 still 
extends below and seals the elongate opening 116 of 
the primary part 1 10, and prevents the electrolyte from 
escaping out of the machine 10. 
[0042] It should be understood that the above only 
illustrates an example whereby the present invention 
may be carried out, and that various modifications and 
alterations may be made thereto without departing from 
the spirit of the invention. 

Claims 

1. An apparatus for positioning an electrode for elec- 
troplating at least one substrate which moves rela- 
tive to said apparatus, which apparatus comprising 
a first end and a second end wherein said first end 
is positionable nearer than said second end to the 
path of movement of said substrate relative to said 
apparatus, wherein said first end comprises a first 
side which is upstream of the movement of said 
substrate relative to said apparatus, characterized 
in that said first side curves towards said second 
end. 

2. An apparatus according to Claim 1 further charac- 
terized in that said first end comprises a second 
side which is downstream of the movement of said 
substrate relative to said apparatus, and curves 
towards said second end. 

3. An apparatus according to Claim 1 or 2 further 
characterized in that said apparatus comprises 
engagement means for positioning said electrode 
near or adjacent to said first end. 

4. An apparatus according to Claim 3 further charac- 
terized in that said engagement means comprises 
at least two engagement members, at least one of 



which on each of two opposite wails of said appara- 
tus. 

5. An apparatus according to Claim 4 further charac- 
5 terized in that said engagement members are of a 

substantially equal distance from said first end of 
said apparatus. 

6. An apparatus according to Claim 4 or 5 further 
10 characterized in that said engagement means com- 
prises at least four engagement members, at least 
two of which on each one of said two opposite walls 
of said apparatus, whereby said electrode is posi- 
tionable at different distances from said first end of 

15 said apparatus. 

7. An apparatus according to any one of Claims 4 to 6 
further characterized in that said engagement 
members are substantially parallel to each other. 

20 

8. An apparatus according to any one of Claims 4 to 7 
further characterized in that at least one of said 
engagement members comprises a slot. 

25 9. An apparatus according to any one of Claim 4 to 8 
further characterized in that at least one of said 
engagement members comprises a step portion. 

10. An apparatus according to any of the preceding 
30 claims further characterized in that said second end 

comprises a gap for engagement with a fluid deliv- 
ery apparatus. 

11. An apparatus according to any of the preceding 
35 claims further characterized in that said apparatus 

is made of high capacity polypropylene. 

12. An apparatus for positioning an electrode for elec- 
troplating at least one substrate which moves rela- 

40 tive to said apparatus, comprising an end 
positionable near or adjacent to the path of move- 
ment of said substrate relative to said apparatus, 
said end including a first side which is upstream of, 
and a second side which is downstream of, the 
45 movement of said substrate relative to said appara- 
tus, characterized in that said apparatus comprises 
at least a first member and at least a second mem- 
ber connecting said first and second sides and that 
said two connecting members are non-parallel to 
so each other. 

13. An apparatus according to Claim 12 further charac- 
terized in that said first and second connecting 
members are positioned to be encounterable by 

55 two leading corners of said substrate when said 
substrate moves towards said apparatus. 

14. An apparatus according to Claim 12 or 13 further 
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characterized in that said first and second connect- 
ing members taper towards each other from said 
second side towards said first side of said end of 
the apparatus. 

5 

15. An apparatus according to any one of Claims 12 to 

14 further characterized in that said first and sec- 
ond connecting members subtend a substantially 
equal angle with and on opposite sides of a line 
substantially perpendicular to and joining said first io 
and second sides. 

16. An apparatus according to any one of Claims 12 to 

15 further characterized in comprising a plurality of 
connecting members substantially parallel to said 15 
first connecting member. 

17. An apparatus according to any one of Claims 12 to 

16 further characterized in comprising a plurality of 
connecting members substantially parallel to said 20 
second connecting member. 

18. An apparatus according to any one of Claims 12 to 

17 further characterized in that said connecting 
members are made of an electrically insulating 25 
material. 

1 9. An apparatus according to Claim 1 8 further charac- 
terized in that said electrically insulating material is 
high capacity polypropylene. 30 

20. An apparatus according to any one of Claims 12 to 
19 further characterized in that said apparatus is 
formed integrally with said connecting members. 

35 

21. An apparatus for positioning an electrode for elec- 
troplating at least one substrate which moves rela- 
tive to said apparatus, comprising an end 
positionable near or adjacent to the path of move- 
ment of said substrate relative to said apparatus, 40 
said end including a first side which is upstream of, 
and a second side which is downstream of, the 
movement of said substrate relative to said appara- 
tus, characterized in that said apparatus comprises 

at least a first set of plurality of electrically insulating 45 
members connecting said first and second sides 
which are substantially parallel to each other, and 
that all lines perpendicular to and joining said first 
and second sides, excluding any part overlapping 
with one or more of said connecting members, are so 
of substantially the same length. 

22. An apparatus according to Claim 21 further charac- 
terized in that said connecting members are sub- 
stantially parallel to each other. 55 

23. An apparatus according to Claim 21 or 22 further 
characterized in that said connecting members are 



of substantially the same thickness. 

24. An apparatus according to any one of Claims 21 to 
23 further characterized in that said apparatus 
comprises a second set of plurality of electrically 
insulating members connecting said first and sec- 
ond sides, and that ail lines perpendicular to and 
joining said first and second sides, excluding any 
part overlapping with one or more of said connect- 
ing members, are of substantially the same length. 

25. An apparatus according to Claim 24 further charac- 
terized in that said second set of plurality of con- 
necting members are substantially parallel to each 
other. 

26. An apparatus according to Claim 24 or 25 further 
characterized in that said first and second sets of 
plurality of connecting members are non-parallel to 
each other. 

27. An apparatus according to Claim 26 further charac- 
terized in that each of said first and second sets of 
plurality of connecting members subtend a sub- 
stantially equal angle with and on opposite sides of 
a line substantially perpendicular to and joining said 
first and second sides. 

28. An apparatus according to Claim 27 further charac- 
terized in that said first and second sets of plurality 
of connecting members taper towards each other 
from said second side towards said first side of said 
end of the apparatus. 

29. An apparatus according to any one of Claims 21 to 
28 further characterized in that said connecting 
members are made of a plastic material. 

30. An apparatus according to Claim 29 further charac- 
terized in that said plastic material is high capacity 
polypropylene. 

31. An apparatus according to any one of Claims 21 to 
30 further characterized in that said apparatus is 
formed integrally with said connecting members. 

32. A fluid delivery apparatus comprising a pipe mem- 
ber and a nozzle member, wherein said pipe mem- 
ber comprises an inlet for receiving fluid into said 
apparatus from an external source, and a plurality 
of holes allowing passing of said fluid into chamber 
means of said nozzle member, characterized in that 
said nozzle member comprises a substantially con- 
tinuous elongated outlet which is in a fluid-commu- 
nicable relationship with said chamber means, and 
through which outlet said fluid is deliverable out of 
said apparatus. 
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33. An apparatus according to Claim 32 further charac- 
terized in that said fluid is deliverable out of said 
apparatus substantially continuously along sub- 
stantially the whole length of the elongated outlet of 
said nozzle member. 

34. An apparatus according to Claim 32 or 33 further 
characterized in that said plurality of holes are pro- 
vided on a wall of said pipe member. 

35. An apparatus according to any one of Claims 32 to 
34 further characterized in that said pipe member is 
annular in shape. 

36. An apparatus according to Claim 34 or 35 further 
characterized in that said plurality of holes are 
arranged on a substantially straight line on the wall 
of the pipe member 

37. An apparatus according to any one of Claims 32 to 
36 further characterized in that said chamber 
means comprises a plurality of chambers. 

38. An apparatus according to Claim 37 further charac- 
terized in that said nozzle member comprises at 
least one partitioning member for dividing said 
chamber means into said plurality of chambers. 

39. An apparatus according to Claim 38 further charac- 
terized in comprising a plurality of partitioning mem- 
bers. 

40. An apparatus according to any one of Claims 32 to 

39 further characterized in that said nozzle member 
is of a substantially Y-shaped cross section. 

41. An apparatus according to any one of Claims 32 to 

40 further characterized in that said pipe member 
and said nozzle member are detachable to each 
other. 

42. An apparatus according to any one of Claims 32 to 
40 further characterized in that said pipe member 
and said nozzle member are fixedly attached to 
each other. 

43. An apparatus for covering a cylindrical object, 
which apparatus extending over at least substan- 
tially the whole length of said object, and including 
wall means for shielding at least part of the curved 
outer surface of said object, and a cavity for receiv- 
ing at least part of said object, characterized in that 
said cavity is of a depth at least substantially the 
same as the diameter of said object for accommo- 
dating a majority part of said object, whereby said 
wall means shields a majority part of the curved 
outer surface of said object. 



44. An apparatus according to Claim 43 further charac- 
terized in that said apparatus is elongate in shape. 

45. An apparatus according to Claim 43 or 44 further 
5 characterized in that said apparatus is formed of an 

insulating material. 

46. An apparatus according to Claim 45 further charac- 
terized in that said insulating material is a plastic 

w material 

47. An apparatus according to Claim 46 further charac- 
terized in that said plastic material is poly-vinylchlo- 
ride. 

15 

AS. An apparatus according to any one of Claims 43 to 

47 further characterized in that at least part of said 
wail means is curved along substantially all of its 
own length. 

20 

49. An apparatus according to any one of Claims 43 to 

48 further characterized in that said wall means 
comprises at least one hole allowing fluid to be 
drained from said apparatus. 

25 

50. An apparatus according to any one of Claims 43 to 

49 further characterized in comprising a pair of leg 
members which are thicker than at least part of the 
wall means. 

30 

51. An apparatus for mixing at least one solid chemical 
with a solution passing therethrough, which appara- 
tus comprising a container with outer wall means, 
an input end for receiving a solution from an exter- 

35 nal source into said container, an output end for 
allowing said solution in said container to depart 
from said apparatus, and an opening for receiving 
said chemical into said container, characterized in 
that said container comprises inner porous wall 

40 means defining a cavity to which said solid chemi- 
cal is receivable, and dividing means positioned 
between said outer wall means and said inner 
porous wall means. 

45 52. An apparatus according to Claim 51 further charac- 
terized in that said output end is provided on said 
outer wall means. 

53. An apparatus according to Claim 51 or 52 further 
so characterized in that said output end is above said 

input means. 

54. An apparatus for mixing at least one solid chemical 
with a solution passing therethrough, which appara- 

55 tus comprising a container with outer wall means 
and a longitudinal axis, an input end for receiving 
said solution from an external source into said con- 
tainer, an output end for allowing said solution to 
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exit said apparatus, and an opening for receiving 
said chemical into said container, characterized in 
that said container comprises inner porous wall 
means defining a cavity to which said solid chemi- 
cal is receivable, and that there are provided on 5 
said porous wall means at least a first aperture 
means and a second aperture means wherein each 
of said aperture means comprises at least one 
aperture, wherein the orientation between the lon- 
gitudinal axis of the aperture of said first aperture w 
means and a plane containing said respective aper- 
ture and said longitudinal axis of said container is 
different from the orientation between the longitudi- 
nal axis of the respective aperture of said second 
aperture means and a plane containing said 75 
respective aperture and said longitudinal axis of 
said container. 

55. An apparatus according to Claim 54 further charac- 
terized in that said first aperture means is posi- 20 
tioned above said second aperture means. 

56. An apparatus according to Claim 54 or 55 further 
characterized in that said first aperture means com- 
prises a plurality of apertures. 25 

57. An apparatus according to any one of Claims 54 to 

56 further characterized in that said second aper- 
ture means comprises a plurality of apertures. 

30 

58. An apparatus according to any one of Claims 54 to 

57 further characterized in that the longitudinal axis 
of said respective aperture of said first aperture 
means lies substantially on a plane containing said 
respective aperture and said longitudinal axis of 35 
said container. 



62. An apparatus according to Claim 61 further charac- 
terized in that said angle is substantially 90°. 

63. An apparatus according to any one of Claims 54 to 

62 further characterized in that said solution enters 
into said cavity via said second aperture means. 

64. An apparatus according to any one of Claims 54 to 

63 further characterized in that said solution exits 
said cavity via said first aperture means. 

65. An apparatus for allowing the variation of the dis- 
tance between a first roller and a second roller, 
wherein each of said first and second rollers com- 
prises an axle about which each respective roller is 
rotatable, said apparatus comprising a first body 
member having a first aperture for receiving at least 
one end of the axle of said first roller and thereby to 
allow said axle of said first roller to rotate therein, 
and a second body member comprising a second 
aperture for receiving at least one end of the axle of 
said second roller and thereby to allow said axle of 
said second roller to rotate therein, characterized in 
that said first roller is translationally movable rela- 
tive to said second body member in response to 
entry of an article between said first and second 
rollers. 

66. An apparatus according to Claim 65 further charac- 
terized in that said first roller is positioned above 
said second roller 

67. An apparatus according to Claim 65 or 66 further 
characterized in that the axle of said first roller is 
substantially parallel to the axle of said second 
roller. 



59. An apparatus according to any one of Claims 54 to 

58 further characterized in that the longitudinal axis 

of said respective aperture of said second aperture 40 
means intersects a plane containing said respec- 
tive aperture and said longitudinal axis of said con- 
tainer. 

60. An apparatus according to any one of Claims 54 to 45 

59 further characterized in tat the longitudinal axis 
of said respective aperture of said second aperture 
means intersects a plane containing said respec- 
tive aperture and said longitudinal axis of said con- 
tainer at substantially 45°. so 

61 . An apparatus according to any one of Claims 54 to 

60 further characterized in that said solution is 
delivered into said container at an angle to the 
plane containing said longitudinal axis of said con- 55 
tainer and said input end, and thereby to cause said 
solution to rotate in said container. 



68. An apparatus according to Claim 67 further charac- 
terized in that the axle of said first roller and the axle 
of said second roller lie substantially on a common 
vertical plane. 

69. An apparatus according to any one of Claims 65 to 

68 further characterized in that said first roller is 
movable translationally relative to said first body 
member substantially vertically. 

70. An apparatus according to any one of Claims 65 to 

69 further characterized in that said first body mem- 
ber is slidably movable relative to said second body 
member. 

71 . An apparatus according to any one of Claims 65 to 

70 further characterized in that said first body mem- 
ber is releasably engageable with said second body 
member. 

72. An apparatus according to any one of Claims 65 to 
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71 further characterized in that said first and sec- 
ond rollers contact each other in the absence of any 
article therebetween. 

73. An electroplating machine comprising an apparatus 
according to any of the preceding claims. 
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